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Estimating In Situ Degradability of Protein
in Forages
Ryan Mass
Greg Lardy
Terry Klopfenstein'

In situ neutral detergent fiber nitrogen is an effective method
of estimating undegraded intake
protein in forages. The information obtained allows for more accurate protein formulation of
ruminant diets.

Summary
A nzethod 1.1ur de1.eloped jor nlearzlrlng zlndegradedlntakeproteln (UIP)
ln forager Neutral detergent jlber nltrogen (NDFN) 1.1ar assunzed to be the
potentla1 r z ~ m ~ n a-undegradablej?acll~
tlon In rltu ~ncubatlonr1.1ere coinpleted on elght jorages to detern~lne
rater of dlgertlon and rater ofpasrage
1.1ere uredto calcz~lateUIP When compared to In rltzl UIP 1.alz1es deternzlned
bj both zlncorrected and mlcroblalcorrected nitrogen, valzler jozlnd zalng
NDFN 1.1ere not different j r o n the pzlrlne method and n ere more preclre
Fzlrthernzore, NDFN ga1.e valuer jor
four of the ramples that n ere hlghlj
correlated to m ~ 1 1 . 01.alzles deternzlned
for those jorager

Introduction
Current applications of beef cattle
nutrition such as the newly-revised
National Research Council's nutrient
requirements of beef cattle use a metabolizable protein system to calculate
animal requirements because the protein needs of ruminants are met by both
microbial protein and undegraded intake protein (UIP). A metabolizable
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protein system describes the total
ainount ofprotein absorbed by the small
intestine fi-om these two sources and is
superiorto expressing requirements only
as crude protein in the diet.
To take advantage of such a system,
accurate information about the
degradability of protein in the diet is
required. Degradability information is
used to calculate the amount of UIP that
contributes to the metabolizable protein pool.
Many methods currently exist for
measuring protein degradability of
feedstuffs. The in vivo method is accepted as the standard because it provides an actual UIP value for the
feedstuff. Animals are fed the diet in
question and digesta samples are obtained. Laboratory analyses are conducted to measure what proportion of
the total protein reaching the small intestine is UIP.
However. there are many disadvantages to the in vivo method. Animals
with the ruininal and intestinal fistulas
are needed. Flow rate and microbial
markers are used to calculate what proportion of the metabolizable protein
pool originates from the diet. microbes.
or the aniinal itself. These markers add
considerably to the time and expense
required to complete this measurement
and inay be inaccurate. Therefore this
method is not practical as it is neither
inexpensive nor simple for a commercial laboratory to perform.
Attempts have been made to develop a simple laboratory method that
could measure feed protein degradability. Commercially-produced enzymes have been tested and some
success has been reported. Such methods are simple, rapid, and do not require
the use of an animal. However,
degradability estimates obtained using

commercial enzymes may not correlate
well with the accepted in vivo estimates.
Another method used is the in situ
dacron bag. Samples are incubated in a
ruininally-fistulated aniinal and the
ainount of UIP can be determined.
However. different estimates of
degradability inay be obtained froin
this method depending on whether or
not attached microbial protein is
measured. While the use of such
microbial markers as purines is a
standard practice. such methods are
labor intensive.
Previous researchers stated that
feed protein that is insoluble in neutral detergent solution makes up the
potential UIP fraction and is partially
digestible in the ruinen.
The objective of this experiment
was to determine if neutral detergent
fiber nitrogen (NDFN) of forages
incubated in situ was an effective estimate of UIP when compared to in situ
values (both uncorrected for microbial
protein and corrected with purines)
and in vivo values for those forages.
Procedure
The standardized method for in situ
incubation was used. Five grains of
sample were placed in dacron bags and
those bags were placed into several
meshbags. Thesemeshbags were placed
into the rumen for incubation. The mesh
bags were then washed thoroughly in
warm water and the bags and residue
were then dried.
Samples tested included two alfalfa
hays, two Sandhills meadow hays, one
brome hay, one prairie hay, and two
range samples. They were incubated in
a ruminally-fistulated steer that was fed
brome hay containing 8 percent CP

Table 1. t-ndegraded intake protein values (% Dill).
Sa~nple

CP

UNCORRa

PLlR

NDFN

Brome ha)
Pra~rieha!
Alfalfa ha) #I
Alfalfa ha) #2
Meadon ha) #1
Meado\\ ha) #2
Range d ~ e #t 1
t
Range d ~ e #2
Mean UIP
SEd
a

*

UIP =

I<o + I<d

* potential UlP pool * 6.25
Results

UNCORR uses total in situ N to calculate UIP.
PUR uses total in situ N corrected for microbial N .
NDFN uses in situ N that is insol~lblein neutral detergent
Means n-it11unlike superscripts differ (P<.05).
Standard error for each method.

Table 2. Correlation coefficients of methods.
METHODa

LlNCORR

PLlR

NDFN

IN VlVO

LlNCORR
PUR
NDFN
IN V l V O
a

intercept of the rate of digestion equation.
The following equation was used to
calculate UIP on a diy matter basis:

UNCORR uses total In s ~ t uN to calculate UIP
PUR uses total In s ~ t uN corrected for mlcrob~alN
NDFN uses In s ~ t uN that 1s i~lsolubleIn neutral detergent
IN V l V O IS cons~deredthe standard LllP \ a l ~ for
~ e a forage

nitrogen content before and after the
NDF procedure.
Rates of digestion (Kd) for potential
UIP were calculated using residual nitrogen alone (UNCORR), residual nitrogen corrected for microbial nitrogen
as determined by the purine method
(PUR). and NDFN. Rates of passage
(Kp) of S%/hour for vegetative samples
and 2%/hour for dormant samples were
used. The potential UIP pool for each
method was calculated using the y-

(DM basis). The five vegetative samples
were incubated for 4, 10, and 16 hours
and the dormant samples were incubated for 8. 16, and 24 hours. Incubations were replicated three times on
consecutive days.
The residue in each bag was analyzed for nitrogen. purine. and NDFN.
A separate experiment was conducted
to determine the purine to nitrogen ratio
for our experimental protocol. In situ
residue was analyzed for purine and
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In Vir o UIP (% DM)

Figure 1. Correlation betneen SDFN and In vivo.

The UIP values for UNCORR were
higher than either PUR orNDFN (P<.O5,
Table 1). When the purine to nitrogen
ratio determined herein (.14) was applied, PUR was not different thanNDFN
(P>.05). The standard error for mean
NDFN was lowest, indicating that it is
the most precise method. These results
support our hypothesis that NDFN is
equal to or more accurate than PUR,
which is currently an accepted method
for correcting in situ residue for microbial nitrogen. Additionally, the necessity of an accurate purine to nitrogen
ratio when estimating PUR UIP illustrates one of the disadvantages of that
method.
A correlation analy sis was conducted
to compare combinations of the four
UIP methods (Table 2). NDFN and
PUR were highly correlated (r=.921),
showing that the two procedures
ranked the samples similarly.
In vivo UIP values for four of the
samples were correlated with each
laboratory procedure (Table 2). Individual NDFN values were ranked
similarly in respect to in vivo values
(Figure 1). NDFN yielded the highest
correlation coefficient with in vivo
values of all the in situ methods
(r=.954), indicating that it is the
most accurate laboratory procedure.
In summary, in situ NDFN is an
accurate and precise way to measure
UIP in forages when compared to
either not correcting for microbial
nitrogen or using the purine method
as a correction. NDFN eliminates the
need for a purine to nitrogen ratio and
is simpler to perform than PUR.
However. it does require a ruminallyfistulated animal.
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